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1. Introduction. 

In this paper I have attempted to shed further light on that 
difficult problem, the oogenesis of an Annelid : while Sacco* 
cirrus, as Goodrich has shown (26), is an Archi-annelid closely 
related to Protodrilus, it is probably much like other Annelida 
so far as its oogenesis is concerned. 

1 was iniluenced to undertake a study of the oogenesis of 
an Annelid ]>v three special reasons, namely, Schaxel has 
described ‘ chromatin ’ emission in Aricia foetida, a 
Polychaete : Hempclmann and Buchner have both described 
most peculiar peri-nuclear extruded bodies at one period of 
oogenesis of Saccocirrus ; and, finally, Saccocirrus is an 
example of precocious entry of the sperm into the young 
oocyte: we know' that the head of the sperm lies quiescent 
till the oocyte is ripe, and I believe that this would offer the 
opportunity of observing whether tin* tail of the sperm entered 
the oocyte, and (if so) whether it took any special part in 
fei t ilizul ion. 
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The behaviour of the cytoplasmic inclusions has been the 
object of special attention, and I have also gone into the 
question of the spermatogenesis, and showed in these stages 
the presence of peculiar yolk-spheres which are divided out 
between the daughter-cells at the maturation divisions. It 
is extraordinary the way such metaplastic bodies are shepherded 
into two groups during the divisions of the spermatocyte. 

This is the concluding part of this present series of papers. 

2. Previous Work.- 

The precocious entry of the spermatozoon into the young 
oocyte was discovered independently by three observers— 
F. Hempelmann, and by van Gaver and Stephan jointly. 
Hempelmann’s paper appeared a short time before that of 
the two other observers. 

Hempelmann has contributed two papers on this subject, 
one in 1906 (34), and one as recently as 1912 (35). His main 
conclusions are to be found in the latter paper. He shows that 
the sperms enter oocytes just after the end of the bouquet 
stage of the prophases of the heterotypic division. Only one 
spermatozoon enters one egg. 

Just after the last stage of the prophases of the heterotypic 
division, Hempelmann describes peculiar granules which 
originate from the nucleus and pass into the cytoplasm, 
eventually leading to the formation of yolk. These* granules 
are at first quite solid, grow large, and gradually become 
vacuolated here and there, so as to form a large number of small 
granules lying in a single vacuole. It is just after this has taken 
place that the egg cytoplasm becomes filled with yolk : speaking 
of these curious peri-nuclear granules. Hempelmann says. 
‘ so scheint es mir kamn zweifelhaft. dass diese Zellhest andteilr 
mit der Dotterbildung in Bezielmng gebracht werden miissen \ 
With regard to the origin of the peri-nuclear granules llempel- 
mann writes, 4 Audi der Nucleolus beteiligt sich wold mein 
oder wenigor an dieser 1 )otterbildung, denn gelegenllieh zeigt 
er sich uingeben von kleinen, sich ebenso wie er selbst mit d< n 
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gebriiuchliehon Kernfarbstoffen intensiv fiirbenden Kiigelchen, 
die wolil aus ihm hervorgegangen sind, unci die an den Band 
des Keimbliischens riicken. 11 m wahrsclieinlich aus dieseni in 
das umgebende Plasma auszutreten 

Hempelmann recognizes only one sort of plasma granule 
— ‘ yolk ’, originating from the peri-nuclear 4 Tropfchen \ 
According to him, the entry of additional spermatozoa into 
the oocyte is prevented by the formation of a membrane ; 
the spermatogenesis has been studied by Hempelmann, who 
described the tripartite ‘ Xebenkern ’ of the spermatid : his 
material was not preserved carefully enough to allow of his 
giving a good account of the formation of the male gamete. 

Van Gaver and P. Stephan have published two short notes 
on Sacco cirrus papillocer cus. In their second 
paper these observers state, ‘ Notre disaccord fondamental 
avec Hempelmann a trait a l’epoque de la penetration du 
spermatozoide : pour nous, le spermatozoide arrive dans 
1’oocyte des quo celui-ci est difference en tant qu’oocyte, 
lorsque sa faille est encore extremement minime et avant 
ton to formation de vitellus a son interieur. Nous n’osons pas 
affinner que Paction du spermatozoide soit la cause initials 
du developpement de hooeyte, mais nous avons constamment 
trouve un de ces elements dans les ovules en voie d’accroisse- 
ment et d’elaboration vitelline \ In addition, van Gaver and 
Stephan believe that polyspermy and assimilation of sperma¬ 
tozoa by the cytoplasm take place in Saccocirrus. They find 
‘ disintegration des tetes des spermatozoi'des et, par suite, 
leur assimilation par hoocyte The articles of van Gaver 
and Stephan are not illustrated by figures. 

The latest observer to attack these problems was Paul 
Buchner (3). He showed that the whole tail of the sperm 
may occasionally (‘liter an oocyte, and break up to give rise 
to a number of peripheral droplets, while the head of the sperm 
remains quiescent. The yolk-formation he describes as taking 
place by a partial breaking up of the nucleolus, pieces of which 
wander to the periphery of the nucleus—particles of yolk 
appearing simultaneously apparently from the nucleolar 
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fragments which pass through the nuclear membrane. The 
droplets from the sperm tail shrink up and leave the periphery 
of the oocyte quite clear, while the nucleolar fragments grow 
and multiply and fill the egg with yolk. Buchner is not 
altogether happy in his work on Saccocirrus oogenesis, and is 
very cautious with regard to yolk-formation. He ends his 
research with the statement. ‘ Die Dotterbildung von Sacco¬ 
cirrus verdiente wolil eine eingehendere, mit Hilfe aller zu 
Gebote stehenden Farbungen und Beaktionen ausgefuhrte 
Analyse ’. 

No observer has hitherto given any account of Golgi body 
or mitochondria in the oogenesis of Saccocirrus, and this form 
has up to the present time resisted the efforts aimed at a satis¬ 
factory interpretation of the problems which its oogenesis 
presents. 

3. Technique and Material. 

Sections of a large collection of Saccocirrus were prepared 
according to the plans given in my recent paper on technique 
(13). The Maim-Ivopsch and Champy-Kull methods were 
particularly valuable. All the other techniques in current use 
were tried. The material used was sent to me from Plymouth, 
two lots in the month of June, another in July. 

The worms were cut into pieces after having been killed by 
being dropped whole into a capsule full of fixative. Great 
difficulty was experienced in making successful preparations 
of the Golgi apparatus. All the first trials were unsuccessful, 
but for some unknown reason all the latter attempts succeeded 
completely both with Mann-Kopseh, Cajal, and Da Fano 
methods (13). 

I have to thank Dr. Allen, F.B.S., of the Plymouth Biological 
Laboratory, for sending me the material desired by me. 

Professor E. S. Goodrich, F.B.S.. of Oxford, kindly placed 
at my disposal some of his own material of Saccocirrus 
papillocercus from Naples, and sections cut from this 
proved very useful. 
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4. Spermatogenesis. 

(a) The Spermatogonium of Saccocirrus. 

The spermatogonium is a small rounded cell with a spherical 
granular nucleus containing a karyosome. In Ph 1, fig. 7, 
is drawn one of a group or rosette of spermatogonia : there 
was a spindle bridge as is common in such cases (sb). This 
cell was drawn from a Mann-Kopsch preparation, and the 
Golgi body (ga) shows as a number of black rods or batonettes 
surrounding an archoplasm or centrosphere. In most sperma¬ 
togonia the mitochondria may be detected in the form of 
a cloud lying in the region of the Golgi body, as in PI. 1, fig. 7, 
at m. 

(b) The S p e r m a t o c y t e. 

Rosettes of spermatogonia grow synchronously to form 
groups of spermatocytes, and during the growth stages the 
mitochondria spread out through the cytoplasm, as in PI. 1, 
fig. 1. m. The Golgi body grows too, and the number of its 
individual parts (Golgi rods, dictyosomes, or batonettes) also 
increases, as shown at ga. The nucleus at this period is often 
reniform. Possibly the most remarkable fact with regard to 
the spermatogenesis of Saccocirrus is the presence in many, 
if not all spermatocytes, of a group of true yolk-granules 
(lipin) quite separate from either mitochondria or Golgi body : 
in PL 1, fig. 1, the volk-granules are at y, and form a special 
cell inclusion. By the Charnpy-Kull method the nucleus stains 
bluish, the mitochondria and Golgi rods go dark red, the cyto¬ 
plasm is yellowish, and the curious collection of yolk-granules 
stain brownish green in the osmic acid of the Champy’s tluid. 
In PI. 1, fig. 1, at yc on the right, is drawn one of the yolk- 
cells which accompanied this spermatocyte, and the } r olk- 
granules stained the same shade as the yolk-spheres (v) in 
the spermatocyte. 

In PI. 1, fig. 2, is a Kopsch preparation which shows the 
effect of prolonged osmication. The Golgi body (ga) has 
reduced the 0s0 4 heavily, the mitochondria do not show, 
and the yolk-spherules are at y; but besides all these there 
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is found a group of perfectly spherical granules* at x. Thr** 
went black-brown in the 0s0 4 : their true natur* or origin 
was not ascertained, but it was thought that ultimately they 
formed a part of the spermatid, will be shown laur. The 
number of granules was about twelve in all the cases I could 
count. 

(c) T h e Spermatocyte Divisions. 

PI. 1. fig- 4, is a first spermatocyte metaphase. The peculiar 
yolk-spherules have taken up a position at the middle of the 
spindle, and in the next .-tage (PL 1, fig. d) the granules have 
become sorted out into two groups (y; subequal in size. Each 
spermatid (PI. 2. fig. 8) receive:- about one-quarter of the 
number of granules in the spermatocyte. The behaviour of 
the mitochondria in the divisions is peculiar : they lo-e tln-ir 
granular state, and during the prophages break down to form 
threads as in PL 1. figs. 4 and d, in the telopha>e PL 1. fig. 5) : 
the threads he chiefiy around the equatorial plate. The 
Golgi rods are difficult to follow tlrrough mitosis : at tie* 
prophases they lose their staining power, and it i- only in 
certain cases that the cell at metaphase has distinguishable 
elements (xy in PL 1, fig. 4) which might be identified as Golgi 
elements. It must be admitted that no positive evidence 
has been adduced with regard to the Golgi elements during 
division of the Saccocirrus spermatocyte. 

(d) The N e w 1 y - f o r m e d > per in a t i d . 

In PL 2. fig. >>, is a newly-formed spermatid. The yolk- 
spherules (y) are on the right, while the mitochondria surround 
the nucleus: the Golgi elements are at ga. being .-eatt*r*d. 
In the next stage the mitochondria collect to one -ide >f tie 
cell, in proximity to the nucleus, the Golgi < lun* nt- lying b» hind, 
as in PL 2, fig. 0 ; this cell was drawn from a Iv>p-eh pn pa ra¬ 
tion, and in it uo yolk-spherule- could b< identified. At x ar* 
what I consider to be two of the granuL - mark* 1 -imilarlv 
in fig. 2. In nearly all Kopsch or Maun-Kop-di pr«par»tioi 
the spermatid cytoplasm i- n to be form* d of \»ry c r- 
reticulum, as shown in PI. 2. tigs, p and 14. 
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( e ) Spermateleosis. 

The spermateleosis stages comprising those leading to the 
metamorphosis of spermatid into spermatozoon are very 
peculiar. The mitochondria, which in PI. 2, fig. 9, lie grouped 
behind the nucleus, begin to run together as depicted in fig. 10. 
Three main centres for this coalescence exist, but here and 
there a few separate centres exist ; these ultimately join up 
with one of the larger centres, till one gets such a stage as 
in PL 2, fig. 11, where three balls of mitochondrial substance 
are produced (mm), while the remainder of the free mito¬ 
chondria are gradually fusing up. By the stage of fig. 12 
the mitochondria have all fused to form three solid spheres 
generally somewhat unequal in size, and as well, often in 
staining affinity. In PI. 2, fig. 14, the three spheres are viewed 
from below, their unequal size being apparent. 

Leaving the mitochondria at this stage, the fate of the yolk- 
spherules and of the Golgi elements may be described ; at 
such a stage as in fig. 10 of PI. 2 the Golgi elements lie behind 
the zone of the mitochondria ; as the mitochondria fuse up, 
the Golgi elements keep behind the most distal mitochondria 
as in PL 2, fig. 11, and, finally, when all the mitochondria have 
fused to form the three spheres, the Golgi elements lie close up 
behind as in PL 2, fig. 12. In the case of the yolk-spherules 
a somewhat similar change in position has been noted : in 
PL 2, fig. 10, the yolk-spherules are on the right of the cell, 
but by stages in figs. 11 and 12 they have moved back behind 
the mitochondrial spheres. 

In many, but not all, examples there can be observed 
between the three mitochondrial spheres, a small, often round, 
often angular grain, as in PL 2, fig. 14, at x. In figs. 9, 10, 11, 
and 12 such bodies are also seen. 

These bodies, 1 believe, are derived from the grains marked 
x in PL 1, fig. 2. They seem to form a part of the mitochondrial 
sheath of the sperm-tail. 

Tin* spermatid at such a stage as that of tig. 12 now begins 
to lengthen. In PL 2, fig. 18, the three mitochondrial spheres 
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have become drawn out to form a comet-tail body attached 
to the spermatid nucleus. The latter has begun to undergo 
the usual changes which may be seen in tigs. 9, 10, 11, 1*2, and 
13. In PI. 2, fig. 16, the tail has further elongated, the yolk- 
spherules and Golgi elements are drifting down the length of 
the tail, while the nucleus is losing its reticular arrangement. 
This lengthening process now goes on till the fully-formed 
elongate Saccocirrus spermatozoon is produced. 

Owing to the small size of the cells, and possibly to the 
unsuitability of the material, no satisfactory description can 
be given of the formation of the acrosome. This can be seen 
in PI. 2, fig. 13, at as. In tigs. 9 and 10, at gx, were bodies 
which might have some connexion with the formation of the 
acrosome, but of this 1 am unable to speak with certainty. 

(/) The Pate of the Golgi Apparatus during 
Spermateleosis. 

If one examines a bundle of ripe or ripening spermatozoa 
in material prepared by the Mann-Kopsch method, it will be 
found that near the end of the tail of each sperm are rounded 
or angular bodies which are stained by the osmio acid : in 
PI. 2, fig. 17, is drawn such a bundle of sperms, the bodies 
being marked gax ; at a higher magniiication, as in tig. 15, 
the bodies are seen to be very like the Golgi body drawn in 
the spermatogonium in PI. 1, fig. 7, at ga. I cannot say for 
certain whether these bodies are derived from the original 
Golgi rods depicted in PI. 2, figs. 8-13, hut 1 should think that 
they are so derived, and that they have undergone some 
change during late spermateleosis. If these bodies are an 
integral part of the spermatozoon and not the degeneration 
products of the spermateleosis, one might expect to find 
some sign of them in the spermatozoa within the female: 
in PL 2, tig. 18, is section of the r eceptaculuin s e m i n i s 
of a female, and drawn to the same scale as tig. 17 above, the 
same bodies are to be seen at the tails of the ripe sperma¬ 
tozoa. 
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5. The Fate of the Tail of the Spermatozoon 
during Entry. 

Buchner (3) showed that the sperm-tail sometimes entered 
the egg, sometimes not. I have been able to confirm these 
observations. In PL 3, fig. 25, is a typical oocyte to illustrate 
this: the sperm-head (sp) is wrapped around the oocyte 
nucleus, while the remains of the tail of the sperm are, in this 
section, seen as four irregular chromophile bodies at spt. 
In PI. 3, fig, 22, in the lower oocyte, the sperm-head is at sp, 
while the tail is cut across as two irregular bodies at spt. 
In the upper cell of fig. 22 the sperm-tail seems to be partly 
inside the egg (upper) and partly outside (lower). 

While it is generally impossible to say whether these irregular 
masses (which we can positively identify as remains of the 
sperm-tail) are. or are not, inside the egg cytoplasm, when 
we examine eggs at a little later stage of growth, it is quite 
certain that in the majority of cases the sperm-tail fragments 
have not only entered the egg but have broken up to form 
a number of spherical, extremely chromophile, bodies at the 
periphery. In PL 3, figs. 24, and 23 at spt, the beads are noted 
all around the periphery of the oocyte. 

If Mann-Kopsch preparations be examined for this, the beads 
appear a pale, yellow colour as in PL 3, tigs. 11) and 21, at spt. 
In some cases it certainly appeared that the number of beads 
derived from the remains of the tail of the sperm increased 
in number as the egg grew. This was probably what van 
(laver and P. Stephan thought when they believed that the 
spermatozoa might have something to do with yolk-formation. 
I do not believe, however, that the beads take part in fertiliza¬ 
tion or yolk-formation, either directly or indirectly. 

Later on they either disappear or become hidden by the 
formation of clouds of yolk or nucleolar deutoplasm (described 
below). 

tb The Oogenesis of Saccocikuus. 

The oogenesis lias proved tin* most difficult problem that 
I had hitherto attacked, and at one time 1 despaired of ever 
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unravelling the intricate story of the origin and nature of the 
complicated granulations of the oocyte cytoplasm. After a 
year’s work, and the making of a large number of preparations, 
I feel that tliis present account is the correct interpretation 
of the oogenesis. The egg cytoplasm of Saccocirrus contains 
four kinds of grains or formed bodies : (a) Golgi elements. 
(b) mitochondria, (c) true yolk, (d) nucleolar extrusions or 
plas tin- d eu t oplasm. 

These can all be distinguished one from another by some 
staining method, as described on p. Is. 

(a) The Nucleolus during Oogenesis. 

Both Hempelmann and Buchner noted the peculiar peri¬ 
nuclear bodies drawn in PL 3, fig. -23, nl, and concluded that 
they were in some way concerned with yolk-formation. Such 
a marked process as that depicted in this figure is unknown in 
any other animal; the history of the formation of these 
extraordinary attachments to the nuclear membrane is not 
at all easy to make out, and it is only after a study of material 
fixed in Champy-Kull and stained by Benda’s crystal violet 
and alizarin that a satisfactory conclusion can be reached. 

In Champy-Kull-Benda preparations the nucleolus stains 
a very characteristic orange-brown shade, while the mito¬ 
chondria and chromatin are in shades of violet : true yolk 
(derived from the Golgi apparatus) is stained by the ()s() 4 of the 
Chanipy’s fluid. Now in such preparations the nucleolus of 
the young oocyte is found to be budding off small pieces, as 
shown in PI. 3, figs. 24 and 25 ; these pieces appear to wander 
to the periphery of the nucleus and to pass through, but to 
remain plastered upon the outer surface of the membrane, 
as in PL 8, fig. 24, nl. 

Some considerable variation in the exact method of this 
process is found : in certain cases the pieces broken from 
th6 nucleolus are coarse and easily distinguishable, as in 
PL 3, fig. 24, but in some other examples, of which fig. 25 
is hardly typical, the broken-off pieces are so small that they 
are difficult to identify. 
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Occasionally, as in PI. 3, fig. 22, the nucleolus may be seen 
to be differentiated at its periphery into a number of small 
stainable bodies which may represent the beginnings of the 
parts to be extruded. 

In PL 3, tig. 23, is a cell showing the appearance of the 
nucleolar extrusions after staining in iron haematoxylin or 
Champy-Kull, while in fig. 21 is a cell treated by Mann-Kopsch 
and the nucleolar extrusions appear as pale yellowish bodies. 

Prom the stages represented by PI. 3, tigs. 21 or 23 onwards, 
there is generally marked difficulty in ascertaining the exact 
fate of the nucleolar extrusions. This is due to the fact that 
just about this period a second process is set into motion : 
this consists of an appearance all around the nuclear membrane 
of a chromophil cloud, which in most preparations obscures 
the nucleolar extrusions ; an exaggerated example of this is 
drawn in PI. 4, fig. 35, from a silver nitrate Da Fano prepara¬ 
tion, but the cloud does not show so darkly with Benda or 
iron alum haematoxylin. 

At all events there begins at this period a peri-nuclear 
activity, which also corresponds with the change of the chrorno- 
phility of tin 1 egg cytoplasm from a primary oxyphilia to 
a basophilia. Two other occurrences also tend to obscure the 
peri-nuclear nucleolar bodies at this period : around each body 
a clearly-defmed vacuole often appears (PI, 4, tig. 29, nlv, 
from a Mann-Kopsch preparation), and moreover the mito¬ 
chondria near the nuclear membrane are now forming actively- 
growing and dividing clusters. With iron alum haematoxylin 
it is not possible to make sure as to the fate of the nucleolar 
extrusions, because these and the mitochondria stain in the 
same colour. With the* Champy-Kull fixation and Benda stain 
1 have found examples which, I believe, establish as a fact my 
view that the nucleolar extrusions tirst lose their connexion 
with the nuclear membrane and then either pass right away 
into the cytoplasm or immediately begin to break up into 
much smaller fragments. As with the mode of appearance 
itself of tin* nucleolar extrusions, so also the subsequent 
behaviour of these bodies is open to a good deal of variation. 
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With almost a suddenness a large number of nucleolar yolk- 
bodies appear in a ring surrounding, but some distance away 
from, the nucleus (PL 4, fig. 84, is a somewhat later stage). 

The appearance of this ring of numerous nucleolar yolk- 
bodies corresponds more or less closely with the spreading out 
of the basophil peri-nuclear cloud referred to below (p. 17). 

The next period sees the complete change of the cell from 
primary oxyphilia to a temporary basophilia : this activity 
is often shown plainly with the Mann-Kopsch osmium tetroxide 
method, of which PL 4, fig. 29, is an example ; the whole 
appearance of the cell seems to change. Later the peri-nuclear 
vacuoles disappear, the cytoplasm becomes smooth, and the 
nucleolar volk-bodies are the most noticeable element in the esc. 

In PL 4, fig. 80, is an egg fixed for six weeks in formol- 
Flemming ; the true yolk (derived I believe from the Golgi 
elements) has gone black with the osmic acid, while t he 
nucleolar yolk-spheres are pale, in this case fuchsinophile. 
bodies ; neither mitochondria nor Golgi elements appear in 
this preparation. 

That the nucleolar deutoplasm or yolk-spheres go on dividing 
in the egg cytoplasm seems to me a very likely suggestion, 
but I was unable to prove that such was the case. How 
then otherwise can we account for the extraordinarily rapid 
increase of clouds of these alizarin-staining granules such as 
appear in PL 4, fig. 84 ? It seems certain that smaller nucleoli 
inside the nucleolus keep budding off extra-nuclear fragments 
(PL 4, fig. 84), but this would not account for the arrangement 
and rapid growth of clouds of granules such as those at nl in 
PL 4, fig. 84. 

In PL 4, fig. 80, which was drawn from a very clear example 
where the nucleolar yolk-spheres were large, 1 could not see 
any of the latter undergoing binary fission ; 1 am therefore 
disposed to believe that these cytoplasmic nucleoli bud off 
little pieces just as the larger nucleolus is doing in the cell 
drawn in PL 4, fig. 84 ; and then these little pieces themselves 
grow larger. 

In PL 4, fig. 81, is a part of the cytoplasm of a nearly ripe 
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oocyte ; it will be noted that there are now enormous numbers 
of granules formed, and the majority of these are nucleolar 
deutoplasm derived from the original nucleolus of the oogonium, 

(b) The Mitochondria. 

In the young oogonia I did not find it possible to demonstrate 
mitochondria, but in all the oocytes just at or after the last 
stages of the prophases of the heterotypic division, mitochondria 
are easily identified, especially after proper staiuing in iron 
alum haematoxylin. In PI. 3, fig. 22, are two oocytes showing 
the fine grey-staining bodies which I have identified as mito¬ 
chondria. These show more clearly in PI. 3, figs. 24 and 25 ; 
the mitochondria do not appear to have anything to do with 
the nucleolus. 

(c) The Golgi Apparatus. 

The Golgi apparatus (Golgi body or element) was studied by 
the Cajal, the Da Fano, and the Mann-Kopsch techniques : 
of these the Mann-Kopsch technique was the most suitable. 
In young oocytes the Golgi apparatus consists of an excentric 
juxta-nuclear mass, as at a a in PL 3. fig. 20. This mass really 
lies around an archoplasm, as in PL 3, fig. 24, at ar. In PL 4, 
fig. 33, is an oocyte showing the Golgi apparatus on the right 
of the nucleus. Now in the youngest oogonia the Golgi body 
is isolated at one side of the cell, but quite early in the history 
of the progerminative oogonium it grows rapidly and begins 
to fragment : the additional pieces so derived move out into 
the other regions of the cytoplasm, as has already happened in 
all the three cells drawn in fig. 20 of PL 3. In fig. 33 on the 
same plate (though the oocyte is drawn much older in so far 
as the extrusion of nucleolar deutoplasm is concerned) the 
Golgi body is still fairly isolated, being just in process of 
fragmentation. In some cases, as pieces break off from the 
original body, they pass away into tin* free parts of the cyto¬ 
plasm and form remarkable nests or areas of proliferation, 
as m the cell in PL 4. fig. 28, at ga. While in certain cases 
the fragments of Golgi body scarcely retain their semi-lunar 
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spherical condition, in other examples this condition is retained, 
as in PL 3, fig. 19, which was a remarkably clear example : 
the neighbouring cell in fig. 21 showed this condition less well, 
while in fig. 33, most of the smaller fragments were of no special 
shape. In PL 4, figs. 28 and 29, the Golgi elements form 
a fine dust at the periphery of the cell. In all the cases, however, 
the ultimate result is the same—the apparatus breaks up into 
hundreds of irregular grains, as in PL 4, fig. 32, at ga. 

If the Saccocirrus is prepared by the Mann-Kopsch method, 
and the sections mounted in balsam without any previous 
treatment, the cell-granules of the oocyte appear as in PL 4, 
fig. 31 ; here we find a confused mass of granules which have 
become either blackened or browned to different degrees. 
But if the sections on the slide be treated for several hours 
in turpentine all but the Golgi granules become decolourized 
or a light yellow in colour. In PL 4, fig. 33, the egg-granules 
were throughout the colour of those in fig. 31, but the slide 
was treated in turpentine and the colour extracted from 
everything except the apparatus, which is hero seen to be 
fragmenting and spreading through the cytoplasm. 

(d) The Formation of Fatty Yolk. 

In the egg of Saccocirrus which has been centrifuged, a layer 
of fatty yolk of an oily type collects on the upper pole of 
the egg (see Text-fig. 1). The characteristics of this yolk arc 
that it goes greenish or brown only after prolonged osmicalion 
and is rapidly destroyed by fixatives containing lipoid solvents. 

Such fatt} r yolk is quite distinct from both nucleolar deuto¬ 
plasm and mitochondria, but it is best shown by Kopsch 
techniques which demonstrate' the Golgi elements so well. 
In PL 4, fig. 30, the fatty yolk is shown black and the nucleolar 
deutoplasm yellowish grey, after prolonged immersion in 
formol-Flemming. 

From the method and time of appearance of the fatty yolk 
1 believe it is formed from the Golgi bodies, hut 1 admit it 
is impossible to main* a trustworthy statement in such un¬ 
favourable* material. 
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(e) Changes in Chromophilit y during Oogenesis. 

Method I.—Fixation in saturated solution of corrosive 
sublimate, staining in Ehrlich’s haematoxylin and eosin accord¬ 
ing to Scott's directions (55). The nucleolus of the oogonium is 
amphophil with distinct basophil preponderance, i.e. more blue 
t ban reddish purple. The chromatinic reticulum becomes oxyphil 
after a certain time, and remains so throughout oogenesis ; 
the oogonial cytoplasm is oxyphil. During oogenesis at the 
period of the appearance of the peri-nuclear bodies (nucleoli, 
PI. 3, tig. 23) the cytoplasm becomes basophil, especially near 
the nucleus. This basophility persists in a peri-nuclear position 
for a considerable time and spreads out, but gradually the 
entire cytoplasm again becomes completely oxyphil. 

A typical somatic cell (e. g. gut, or epidermal) shows an 
oxyphil cytoplasm and basophil nucleus. The head of the 
sperm is basophil, the tail oxyphil. 

Method II.—The same material stained by eosin and 
toluidin blue (in this order) offered a new point of view. 
Somatic nuclei were blue, the sperm-head and most of the 
epidermis cytoplasm blue also. The body-muscles and the tail 
of the sperms were red. The oocyte cytoplasm had an oxyphil 
ground, but the nucleolar deutoplasm was bluish. The nucleolus 
itself was generally amphophil, and, as in the case of the 
Ehrlich preparation, had a basophil central core and an ampho¬ 
phil cortex with basophil preponderance. In other cases the 
nucleolus was entirely oxyphil. The peri-nuclear bodies were 
completely blue. 

While these results are in themselves of little importance 
from the point of view of the detection of peri-nuclear 
‘ chromatin omissions ', they show very clearly that at the time 
when the primary oxyphilia is changing to the basophilia there 
is great new activity in the region of the nucleus ; this activity 
leads to the formation of new denser cytoplasm, and it will be 
noted below that there is a correspondence between the pictures 
given by methods explained above and with formalin silver- 
nitrate or chrome-osmium techniques. 
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(/) On Peri-nuclear Activity. 

In PI. 3, fig. 25, is drawn a young oocyte at a time when the 
nucleolar deutoplasm is being formed : this cell was prepared 
by Da Fano’s cobalt-nitraie-formol-silver-nitrate method. It is 
remarkable for the fact that it demonstrates very clearly the 
extraordinary peri-nuclear activity at this stage of oogenesis. 
It is possibly this material which stains basophil as described on 
p. 10. In all my silver-nitrate preparations the oocyte at 
this stage shows this peculiar appearance. 

The peri-nuclear cloud stains black or grey according as to 
whether the preparation has or has not been toned, while the 
nuclear reticulum and nucleolus are only faintly yellowish 
and may subsequently be stained bright red in safranin. 

I look upon this cloud as the direct result of active protein 
metabolism around the nucleus ; the protein is possibly forming 
under stimuli sent forth from the nucleus. There is no evidence 
that this cloud is chromatinic, for the Golgi silver-nitrate 
methods (Golgi, Cajal, Da Fano) do not impregnate chromatin 
in any cells I have studied. There is, in addition, no evidence 
of intra-nuclear specks or dust as described by Schaxel for 
A r i c i a f o e t i d a. 

Later on this cloud disperses through the whole egg cyto¬ 
plasm. 

7. Some Chromophility Pfactions of the Four Categories 
of Cytoplasmic Granules. 

The table given on p. 18 summarizes the differences which 
can be shown to exist between the four categories of cyto¬ 
plasmic granules found in the egg of Saccocirrus. Only those 
methods which best show these differences are mentioned, 
but besides I used many other fixing and staining techniques 
(13). 

The nucleolar yolk-spheres or deutoplasmic elements 
approach somewhat in their density to the mitochondria 
and tend to stain rather like them. Besides these methods 
quoted there are such tests as the use of alcoholic or acidified 
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(acetic) fixatives, which either wash away the fatty yolk or 
the mitochondria, or both, and leave the nucleolar deutoplasm. 
Then there are the formalin silver-nitrate methods which 
stain the Golgi elements. The table below shows the follow¬ 
ing : 

Method 1 constitutes a difference between mitochondria 
and nucleolus and its derivatives. 

Method 3 constitutes a difference between nucleolus and 
its derivatives and true fatty yolk (from Golgi elements). 

Method 4 constitutes a difference between nucleolus and 
Golgi apparatus. 

Method 5 constitutes a difference between Golgi apparatus 
and mitochondria, as also do Methods 1, 2, and 3. 

Table. 



Xucleolus 
and its 

Golgi 




Method Used. 

Derivatives. 

Apparatus. 

Yolk. 

Mitochondria. 


Champy - Ivutl fixation. 

Yellow-brown 

Docs not show 

Black 

Violet 

i 

Benda's alizarin and 
crystal violet 

1 





Flemming without acetic 
acid, and iron liaema- 

Black 

Docs not show 

Greenish- 

brown 

Black or 
grey 

1 

o 

toxylin 





Forrnol-Flemming and 
Altmann’s acid fuchsia 

Reddish 

Docs not show 

Black 

1 

Did not show 
plainly 

3 

Ma nn-Kopsch 

| 

Yellowish 

Black, diffi¬ 
cult to de¬ 
colourize in 
turpentine 

Black, easy to 
decolourize 
in turpen¬ 
tine 

Did not show 

t | 

4 

Mann-Kopsch, Altmann 

Reddish 

Black, and as 
above 

Black, and as 
above 

Red 

5 


3. Centrifuge Experiment on the Ovarian Oocyte. 

Live specimens of Saecocirrus were placed in a tube and 
centrifuged for twenty minutes at 3,000 to 5,000 revolutions 
a minute. They were afterwards thrown into capsules of 
fixatives of various types. The centrifuged egg shows three 
layers, viz. an upper cap, a clear subcentral zone, and 
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a large lower zone. The upper cap is formed of delicate 
granules which I think are fatty yolk and probably of 
the Golgi elements ; these granules will go yellowish green 

Text-fig. 1. 



Centrifuged oocyte of Saceoeirrns. Shows an upper layer of greenish 
oily yolk (ul), clear middle layer with nucleus (s). lower layer 
principally nucleolar deutoplasm (nl) with an upper layer mainly 
mitochondrial (m). At cl are the cortical lamellae of the egg 
membrane. (Chrome-osmium and Benda stain.) 

after prolonged osmication. The middle layer generally 
shows two zones—an upper just beneath the fatty yolk and 
staining in crystal violet, or iron haematoxyliii, and looking 
much like thickened cytoplasmic reticula; then there is the 

c 2 
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large lower area formed of the heavy nucleolar deutoplasm, 
forming by far the largest separate part of the centrifuged 
oocyte. 

These areas are shown in Text-fig. 1. The nucleus generally 
lies in the middle layer. The mitochondria appear to be lighter 
than the nucleolar deutoplasm and take up a position in an 
area above the latter, M in Text-fig. 1. but are also found 
throughout the lower area. 

Around the exposed periphery of the egg, the cortical lamellae 
are beautifully apparent, especially in Benda preparations 
(cl in Text-fig. 1). It is from these lamellae that the substance 
of the fertilization membrane is produced. See also lamellae 
in PI. 4, fig. 27, cl. 

fi. ('ells Found in the Male, intermediate between 
Spermatocyte and Oocyte. 

In the coelom of the male Saccocirrus are found large cells 
packed with volk-spheres ; these large cells often fill up all 
the coelomic space in the mid region of the body, excepting 
for the areas occupied by developing spermatozoa. 

Occasionally one finds large isolated cells lying completely 
surrounded by and shut in between the large yolk-cells. These 
isolated cells were once young spermatocytes, which, during 
growth of the yolk, have become shut off. I hat this is so 
is indicat (‘d by an examination of a sufficient number of 
Saccocirrus males. 

Now these isolated cells are sometimes remarkable for the 
fact that they show a rough resemblance to oocytes at the 
stage of nucleolar extrusion. In PI. 1, fig. 3, is drawn such 
a cell. The group of yolk-granules is at y. several groups of 
fine mitochondria are at m, m, while the nucleus is found to be 
in the process of extruding large peculiar nucleoli, nlx. In 
this one section the nucleus showed four pieces being extruded, 
two other nucleoli inside the nucleus, and one piece on the 
lower right of the cell already detached from the nucleus; 
an examination of the larger nucleoli in fig. 3 shows that they 
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have a stout triangular base quite like the bodies in PL 3, 
fig. 23. 

When I came to examine my first preparations illustrating 
the oogenesis of Saccocirrus, I did not immediately notice 
the fine mitochondria drawn in PI. 3, figs. 22 and 23, and I was 
temporarily led to believe that the nucleolar extrusions might 
represent the mitochondria. But before I had made more and 
better preparations, as the result of my experience on this new 
material, my belief in this view that the nucleoli might represent 
mitochondria was shaken by finding such cells as that in PI. 1, 
fig. 3, in which I noted both mitochondria and bodies which, 
I concluded, represented the extruded nucleoli of the oocyte. 

With regard to the probable reason for the appearance of 
nucleolar extrusions in a spermatocyte, I believe that it is 
due to the fact that such cells are packed away among } r olk- 
eells which bring about conditions simulating the metabolism 
of the egg-cell. 

10. Discussion. 

(u) G e n e r a 1. 

The oogenesis of Saccocirrus is likely to be typical of several 
other Annelida, and possibly of Polychaeta such as Cliaeto- 
pterus and Nereis, judging from Lillie's figures of centrifuged 
ova of these genera. 

A graphic representation of the oogenesis of Saccocirrus 
would be as follows : 


Oogonium. 
1. Nucleolus . 


2. Golgi elements 

3. Mitochondria 

4. Chromosomes 


Full-grown Oocyte. 

1. Nucleolus. 

2. Nucleolar deutoplasm or nucleolar 

yolk-spheres. 

3. Definitive Golgi elements. 

4. Yolk-spheres (fatty). 

5. Mitochondria. 

0. Chromosomes only. 


The part of this scheme about which 1 feel some doubt is 
the metamorphosis of the Golgi element into a yolk-spherr : 
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that such takes place in Ascidians and Molluscs is now quite 
certain, but the egg of Saccoeirrus does not provide such clear 
opportunity for study as that of Limnaea or Ascidians. 
Nevertheless, I believe that I have made sufficiently clear 
observations on a large amount of material to justify the above 
interpretations. It is only after the dispersal and breaking 
up of the Golgi body that true fatty yolk puts in an appear¬ 
ance, and in many cases it seems that Golgi elements can be 
traced step by step as the eggs grow, metamorphosing into 
fatty yolk. The extruded nucleolar material has nothing to 
do with this, and I do not think that the mitochondria are 
concerned in the process. 

When we take the case of extruded nucleolar material in 
Saccoeirrus it is difficult to understand why the bulk of the 
formed reserve granules in the egg should be of nucleolar 
origin. If one studies the cytoplasm of the egg in a number 
of different examples of oogenesis, one sometimes linds that the 
nucleolus supplies the bulk of reserve material (Saccoeirrus), 
sometimes the Golgi apparatus (Patella or Limnaea), some¬ 
times the mitochondria, as in certain insects. In each of these 
cases, however, analysis of the entire reserve materials in the 
egg cytoplasm leads one to a similar conclusion for each 
example, namely, that reserve material in eggs of invertebrates 
consists of protein and fat or lipin (or both these). Then, of 
course, most eggs contain glycogen. 

In some examples, as in the sponge Grantia, the main bulk 
of reserve material seems to be delicate vacuoles of lipin 
originating from the ground plasma. 

(b) The Preciseness of the Modern Technique 
for the Cytoplasmic Inclusions and for 
Chromatin. 

Some observers apparently unacquainted with the finer 
usages of modern cytological technique have written doubt¬ 
fully of the preciseness of such methods. In all the cyto¬ 
logical problems that I have attacked the difficulty 1 have 
met with lies not especially in the discrimination botween 
yolk, Golgi elements, mitochondria, nucleolar deutoplasm, and 
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glycogen, for this was generally easy, but in the identification 
of chromatin; the problem was whether basophile chromatic 
material was chromatinic; this is the great problem of cytology 
at the present time. 

I believe that I may be forgiven for holding an optimistic 
view with reference to our present and future understanding 
as to the behaviour of the Golgi elements and mitochondria 
during oogenesis: I think that the works of Jan Hirschler, 
Weigl, Xussbaum-Hilarowitz, Rio-Hortega, and my own 
series of papers on the cytoplasmic inclusions have gone far 
to shed a clear light on the subject, but I do at present feel 
much puzzled over the nuclear phenomenon in oogenesis. 1 

One is driven onward trying to avoid the pool of Charybdis, 
formed by the chromosome theorists who will not admit of 
true chromatinic extra-nuclear extrusions, and the rock of 
Scylla, which in my mind is constituted by the fact that it is 
at times difficult to believe that the so-called extra-nuclear 
extrusions are not chromatin. This special matter is further 
discussed below under the heading of ‘ The Supposed Chroma¬ 
tinic Nature of Extruded Nucleolar Material \ 

In all probability were it not for the ingenious, and one 
must say believable theories of chromosome workers of Mor¬ 
gan’s, Wilson’s, or McClung’s schools, one would have no 
hesitation in saying that the extra-nuclear extrusions were 
chromatin, even though they frequently do not stain quite like 
the chromatin of the ‘ resting ’ nucleus. When one takes the cast' 
of the secondary nuclei of the Hymenopterous egg it is very 
difficult to avoid the conclusion that such granules are chromatin. 

This is a matter to which I have given a good deal of atten¬ 
tion. Quite recently I have again gone over my Apanteles 
material, and I have found an example which shows the 
chromatin filaments at the diplotene stage of the prophases 
of the heterotypic division, while the nucleolus is separate 
and shows buds, some of which have already passed into the 
cytoplasm to form minute secondary nuclei. 

1 Mr. It. J. Ludford’s recent work has gone far to clear up parts <>f 
this obscure ground (‘Jour. Roy. Micr. Sue. . 1020-21). 
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While this helps towards a disposal of the view that the 
chromosomes, at this period at least, are drawn upon to provide 
material for the formation of secondary nuclei, it does not 
dispose of the questions as to the nature and origin of the 
nucleolus which buds off the secondary nuclei. 

It is possible to recognize several kinds of nucleolar activity 
in various examples of oogenesis. 


Saccocirrus nucleolus 
Ap an teles nucleolus . 
G r a n t i a nucleolus 


definite nucleolus, 
nucleolar deutoplasm. 

[ definite nucleolus. 

■j secondary nuclei (associated 
( with yolk-formation). 

| definite nucleolus, 
(mitochondria (‘ chromidia ’). 


In certain other forms it is possible to recognize a process 
of nucleolar extrusion early in oogenesis, but which appears 
to lead to nothing (possibly in Patella). 

The belief held by some observers that nucleolar extrusion 
may be looked upon as a process whereby the nucleus sends 
chemical messengers into the cytoplasm inducing growth to 
begin, is discountenanced, for Saccocirrus at least, by the 
very apparent fact that nucleolar extrusion is prone to much 
variation in the point of time and the rate that it takes place— 
as shown by comparing the sizes of the eggs in PI. 3, fig. 23, 
and PL 4, figs. 29 and 33. The process is just beginning in 
the first-mentioned figure, and has finished in the smaller 
egg in the last-mentioned figure. 


(c) On the Supposed Chromatinic Nature of 
Extruded Nucleolar Material. 

If one fixes the testis or ovary of any animal in Zenker or 
Petrunkowitsch fluid, and stains in Ehrlich’s or Delalield’s 
haematoxvlin and eosin or Biobrich’s scarlet, it will be noted 
that during the greater part of the development of the sperm 
the chromatin stains blue, or basophil ; but there are certain 
periods when what we can only assume to be true chromatin, 
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as it is morphologically derived from preceding materials 
which stained like chromatin, will be found to stain oxyphil, 
or in the red stain. As Bayliss especially has shown clearly 
in his valuable 4 Principles of Physiology ’, staining depends 
on a number of more or less obscure factors, and it is probably 
injudicious to lay too much weight on the results of staining 
fixed material. In many of the parasitic Hymenoptera the 
egg nucleus contains a large heavily-staining nucleolus which 
buds off fragments, which pass through the nuclear membrane 
into the egg cytoplasm, where they form what are known as 
secondary nuclei. With safranin and light green the nucleolus 
of the true egg nucleus stains red, and the nuclear (chromatinic) 
network a green colour. In the sponge Grantia the plasmosoine 
of the oocyte partly passes into the egg cytoplasm to form 
bodies called by Jorgensen and Dendy ‘ chromidia ’; I have 
objected to the use of this term for such nucleolar fragments, 
both because we do not know that they are chromatinic and 
also because such ‘ nucleolar ’ extrusions appear to be identical 
with the mitochondria. 

We must face the facts frankly: the chromosome theorists 
would object to the identification of ‘nucleolar’ extrusions 
as chromatinic in nature and as derived from the definitive 
chromosomes. I have shown above that staining tests are 
not conclusive; several others, and also I myself, have demon¬ 
strated that the secondary nuclei are derived from extruded 
fragments which in the case of such forms as Myrme- 
cina or Apanteles are, I .believe, to be regarded as of nucleolar 
origin. We find, therefore, that fragments of the nucleolus 
can forma true nucleus, with nuclear membrane, linin network, 
and nucleolus. 

Seiler (55 a) described in Lepidopterous eggs what lie has 
called a chromatin diminution process; the polar bodv spindle 
at metaphase is found to carry three groups of granules, the 
two outer being the chromosomes which have divided and 
are becoming separated, the middle group of granules being 
apparently derived from the ends of the chromosomes bv 
a diminution process, well known in the somatic mitosis of 
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the developing Miastor egg (32). Just before his untimely 
death Professor L. Doncaster was examining this problem, 
and sent me some of his slides for examination and sugges¬ 
tions : all that I could do was to recommend the use of stains 
such as Auerbach and Pappenheim, and methyl blue eosin. 
Digestion tests and such other microchemical tests are im¬ 
possible when one is working on the minute spindle in a very 
small egg. It certainly seemed to me that in the slides sent 
by Professor Doncaster the intermediate bodies were derived 
from the ends of the chromosomes as in Miastor. 1 Here again, 
however, we are faced with the same difficulty with regard 
to staining test, as I have pointed out with reference to the 
nucleolus: we are not justified in saying that a substance is 
chromatin simply because it selects methyl green from the 
Pappenheim or Auerbach stains; no one would care to say 
that the head of the spermatid was not chromatin, yet at 
certain periods it will select the red stain from the Pappenheim 
or Auerbach fluid. To my mind it is useless to declare that 
the head of the sperm at such stages is not true chromatin, 
but has only changed its chemical nature; the head of the sperm 
is derived from chromosomes before it reaches the egg and 
breaks up into chromosomes when it has penetrated into the 
egg. The spermatid nucleus takes the red stain from the 
Pappenheim or Auerbach fluid possibly because the arrange¬ 
ment of its surface or internal substance is more favourable 
to the molecules of the red stain, and unsuited for the absorp¬ 
tion of the green stain. 

The facts of the matter are that we know very little about 
the relationship between the nucleolus and the chromosomes, 
both during mitosis and during interkinesis; the same remark 
applies when we come to the subject of the microchemical 
nature of the nucleolus. I believe that a good step towards 
the elucidation of the first-mentioned problem has been taken 
by H. M. Carleton. 

This observer has shown that the nucleolus of certain 
vertebrates contains an argentophil core, or is related more 

1 I ha\e often wondered why this work of Prof. Doncaster was not 
edited and published. 
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or less closely to a body which under certain conditions becomes 
densely black in Cajal’s formalin silver-nitrate technique for 
the Golgi apparatus. During mitosis Carleton has shown that 
the argentophil core which he calls a nucleolinus (Haeckel) 
does not lose its individuality but divides, and may be found 
among the two chromosome groups of the telophase. 1 have 
been enabled to go through the preparations made by Carleton 
and can vouch for the correctness of his description; more¬ 
over, I possess preparations of the gut-cells of Saccocirrus, 
of the follicle-cells of Stenobothrus, and of many tissues in 
Eana, all of which show a typical nucleolinus. What is very 
important is that Carleton has shown that the nucleolinus may 
be associated with either a ‘karyosome’ or a ‘ plasmosome ’ 
type of nucleolus. These remarks will serve to indicate the 
importance of work carried out on the nucleolinus, especially 
with Cajal’s formalin silver-nitrate method; Da Fano’s cobalt- 
nitrate method also serves to bring out the nucleolinus in some 
forms. 

Interpreting the work of Carleton on the nucleolinus, and 
also in the light of Cajal’s figures of various mammalian 
tissues and my own materials of invertebrates, I believe that 
the nucleolus, term used generally, might be morphologically 
independent of the chromosomes during the germ-cell cycle; 
the nucleolus during interkinesis might exist as a compound 
body consisting of a core which is argentophile and sometimes 
chromophile to other stains, and this core might act as the 
centre for the proliferation of a more extensive body which 
functions as the plasmosome or karyosome of the ‘ resting ’ 
nucleus; furthermore, during mitosis this outer region pro¬ 
liferated from the argentophil core possibly becomes lost, to 
be reformed in the next interkinesis. How far these suggestions 
will be found correct is impossible to say at present, but many 
of the facts we know now point in the direction I have indicated. 
Moreover, this view would coincide with the already-formed 
theories of the chromosome worker. 

The nature of the nucleolus is mainly proteid, maybe even 
in some cases nucleo-proteid, but its functions appear to be 
different from those of the chromosomes. The 1 nucleolus, like 


28 


J. BRONTE GATENBY 


the chromosome, Golgi element, and mitochondrium, is capable 
of growth and binary or multiple fission. 

Buchner, in his paper on the secondary nuclei of parasitic 
Hymenoptera, among the other conclusions, comes to the two 
following: accessory nuclei are to be traced back at the 
beginning, as naked chromatin (sic) granules lying in the 
cytoplasm. From these granules develop enchylema, nuclear 
membrane, and linin network, while the granule itself becomes 
the nucleolus of the accessory nucleus. Buchner has used 
safranin and light green and iron haematoxylin as stains; he 
labours under the delusion that what stains in a basic dye 
must necessarily be chromatin. He states that the chromatin 
granule which induces the formation of kaiyolymph, linin 
network, and nuclear membrane, later becomes a ‘nucleolus’. 
Buchner figures the oocyte of Bombus and Myrmecina showing 
the nucleoli of the head nucleus as red granules (safranin) 
and a more or less faint chromatin (?) network green (‘licht- 
griin’). The accessory nucleus also shows a red nucleolus and 
a green network. Buchner and others have concluded that 
the red-staining substance of the head nucleus, which becomes 
extruded through the nuclear membrane, is chromatin. As 
I have mentioned before I do not believe that one should lay 
too much weight on the staining tests (and Buchner has not 
tried several of the stains I should like to have seen used), 
but the points which must be emphasized are, firstly, that it 
is proven that the nucleolus of many hymenopterous insects 
does fragment and partly pass into the cytoplasm; and 
secondly, that these fragments do form secondary nuclei, 
exactly similar in certain species, to the head or principal 
nucleus. Call the red-staining body inside the head nucleus 
what one may, plastin or chromatin, plasmosome or karyosome, 
it is a fact that fragments of it can give rise to secondary 
nuclei. 

There is some temptation to use the facts which have recently 
been described in parasitic Hymenoptera, and in this paper, 
with reference to the behaviour of nucleoli, as support for 
a 4 binuclearity ’ hypothesis of some kind. In a recent paper 
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on the giant germ nurse-cells of Testacella ( 4 ) I ventured to 
interpret certain of my results in this manner, and it must he 
said that the case of the secondary nuclei is very suggestive. 

There are three possible modes of general interpretation— 
either the nucleolus represents a second chromatin of some 
kind, hut separate from the chromosomes, or it derives its 
chromatin from the chromosomes, or there is some cell sub¬ 
stance other than chromatin which has the attribute of forming 
bodies similar to the ordinary nuclei, except for the presence 
in them of true chromatin. Whether the power of production 
of a nucleus-like body is to be looked upon as a proof of the 
chromatinic nature of a granule is unknown. 

(d) On the Special Part played by the 
Nucleus during Oogenesis. 

Eecent studies on the cytoplasmic inclusions of the germ- 
cells have revealed the fact that all such units possess both 
Golgi elements and mitochondria, and that these two categories 
of formed elements take a prominent part in the upbuilding 
of the egg cytoplasm. No one has claimed a nuclear origin 
for the Golgi body, and in my work I have found a complete 
Golgi apparatus in the earliest germ-cells which have been 
studied—in molluscs, insects, birds, amphibians, and mammals. 
The case of the mitochondria is different ; several observers 
have claimed that they have found the mitochondria to 
originate from the nucleus during early stages of oogenesis or 
spermatogenesis. I had never seriously believed these accounts, 
and still doubt most of them: but in my own studies on the 
sponge Grantia I was led to identify the ‘chromidia’ of Jor¬ 
gensen as the representatives of the mitochondria: now 
Dendy firstly, and then 1, have shown that the ‘chromidia ‘ 
of Jorgensen are nucleolar in origin. 1 still have some doubts 
as to whether true mitochondria do not exist in Grantia, 
but my efforts to demonstrate* other grannies which might be 
mitochondrial have so far not met with success; therefore 
T can but assume tentatively that in tlie case of Grantia the 
mitochondria are of nuclear origin. 
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It is important to notice that careful modern work on 
oogenesis confirms certain previous accounts of the extrusion 
of nucleolar material into the egg cytoplasm, and puts on 
a definite basis of truth the claim that the nucleus takes a part 
in the development of the cytoplasm. 

All such positive evidence which we possess in this direction 
applies to the behaviour of the nucleolus, and I do not believe 
that we are able to point to any circumstances which would 
lead us to conclude that the chromosomes take a part, though 
I think that such is the case. Probably the only significant 
fact upon which we can fall back lies in the formation of 
flocculent threads and reticula from the chromosomes after 
the prophases of the heterotypic division, and just before the 
real inception of the growth period of oogenesis. But this 
might just as well be interpreted as preparation by the chromo¬ 
somes for their own growth by means of substances absorbed 
from the egg cytoplasm. 

With regard to this difficult matter of the relationship 
between nucleus and cytoplasm during oogenesis, I believe that 
zoologists may be able to ascertain new facts if they develop 
and use more constantly the various silver-nitrate techniques, 
which give pictures unobtainable by other methods. 

(e) S c h a x e 1’ s Chromatin Emission. 

From time to time in these papers I have referred to SchaxeFs 
work on chromatin emission in a number of invertebrates 
which he has studied. Criticisms which have already been 
brought forward by me. in conjunction with Woodger, are that 
Schaxol has not worked at his material by proper methods, 
and ho has not attacked the problem from the point of view 
of the cytoplasmic inclusions. Furthermore, he has not estab¬ 
lished that his granules are chromatin or that they are emitted 
through the nuclear membrane. With corrosive fixation, Ac., 
and Ehrlich's haematoxvlin. the granules are found to be baso¬ 
phil, which probably proves nothing with regard to their 
microcheniieal nat ure. A new phase in the problem of Schaxel’s 
work was introduced by Miss van Herwerden, who, by treating 
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Strongyloentrotus eggs in a ‘ nuclease ’ procured from spleen 
and pancreas, succeeded in dissolving away Schaxel’s granules, 
which did not appear when the eggs were subsequently treated 
by methods which fixed and stained the granules in eggs 
not treated by the enzyme solution. 

This work has been especially referred to by some recent 
writers, who consider that weight should be attached to 
Miss van Herw r erden’s statements. 

With certain precautions, which were incomplete, she 
prepared a proteolytic enzyme from spleen, according to the 
directions of Sachs (52). Now I submit that her enzyme 
solution was probably a mixture of several enzymes, ‘ nuclease * 
possibly, but also lipolytic enzyme as well. The fact that 
cell granules disappear under treatment by such a solution 
proves nothing with reference to their precise chemical nature. 
These granules were possibly mitochondria whose proteid 
basis was washed away by some protease, which would cause 
them to disappear as definite granules—or what is more 
likely, Miss van HerwerdeiTs ‘ nuclease ’ contained a lipoclastic 
body which swept away the linin content of the mitochondria. 

Until an expert on enzymes prepares solutions whose con¬ 
tents are known and whose reactions towards various organic 
materials are completely worked out in vitro, until the 
microchemistry and origin of bodies in question are better 
understood, then and then only should one place any weight on 
such work by enzyme action as that of Miss van Herwerden on 
Schaxel’s ‘chromatin’ granules. It should be noted carefully 
that Schaxel’s granules do not produce bodies resembling 
nuclei, as happens in Apanteles, Ac.; one should not without 
good reasons call any haematinophilous body chromatin: 
even if his granules are extruded from the nucleus, fhoy might 
just as well be nucleolar as chromatinic: and he might with 
advantage try other methods. 

Zoologists should note carefully that an espousal of Schaxel s 
views, seems to necessitate either the further adoption of 
a binuclearity hypothesis or the rejection of the chromo¬ 
some theory. 
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For if Schaxel’s granules are chromatin, using the word in 
the sense that they are made of the same sort of material as 
the chromosomes, either they must have originated from the 
latter—have been budded off from them—or there must be 
two kinds of chromatin in the egg nucleus. 

I cannot see how the adoption of the first- alternative will 
allow one still to hold that the present-day chromosome theory 
is likely to be true ; and the very behaviour of the nucleolus 
in Apanteles shows that there is a body other than the 
chromosomes which can produce a nucleus. 

By placing one’s belief in the second of the two alternatives— 
in some form of ‘ binuclearity hypothesis one could also make 
many of Schaxel’s observations fit in with the more theoretical 
aspect of the question. 

While my mind is as open as it well could be in view of my 
own observations, I do not at present feel that Schaxel has 
attacked the problem in the best way, and I refrain from 
definitely accepting any of his views till some other observer 
carefully reinvestigates his claims and uses all the best and 
latest cytological techniques. 

Perhaps it should be mentioned that the above remarks do 
not commit me to the espousal of any 4 binuclearity hypothesis 
though I feel that there is some good evidence for such a postu¬ 
lation. 

(/) Centrifuge Experiments in Annelid Develop- 
m e n t a n d w h a t the y d e m oust- r ate. 

It has been shown in this paper that the major part of the 
granules of the egg of Saccocirrus is derived from nucleolar 
material extruded from the nucleus. If these nucleolar extru¬ 
sions represent SchaxeTs chromidia or the granules which 
form the secondary nuclei in parasitic Ilymenoptera, and if 
they are of chromatinic nature, and not merely metaplasm 
or yolk, one might expect them to play some special part 
during embryonic development. They might even represent 
organ-forming mat erials. 

But apparently this is not the case: Lillie (43) has given 


GAMETOGENESIS of saccocihrus 


33 


some figures of centrifuged eggs of Chaetopterus and Nereis 
which lead me to believe that in these animals the egg contains 
fatty yolk (or oil) and nucleolar deutoplasm as in Saccocirrus. 
In Chaetopterus he finds the layers in the centrifuged egg to 
be a grey cap, upper (the 4 fatty yolk ’ of this paper), a clear 
area in the middle, and a lower layer of 4 yolk ’ (my ’ nucleolar 
deutoplasm ’ and mitochondria) ; these areas correspond 
with the layers in the centrifuged Saccocirrus egg (p. is). 

Now, speaking of these layers in developing embryos and of 
formative stuffs in general, Lillie remarks: ‘So far as they 
(formative stuffs) are to be identified with the visible sub¬ 
stances segregated by the centrifuge, it would appear to lie 
indicated by experiments that they can play no specific role 
in differentiation, because in centrifuged eggs they may 
occupy variable positions in the embryo.’ This view coincides 
with that of Morgan (quoted in my previous paper (17)) and 
with Miss Beckwith's study on Hydractinia. Any physiological 
derangement during the development of centrifuged eggs seems 
to be due either to mechanical difficulties of massed yolk or 
to absence of nutriment. 

It is interesting to note, too, that Morgan came to his 
conclusion partly as a result of work on Echinoderm eggs, 
where Schaxel finds an emission of ‘ chromatin ‘ granules. 

((f) The Probable Part played by Mitochondria 
and Golgi Appara t u s in Heredit y. 

Modern cytologists tend to become divided into two groups— 
those working on the nucleus and those working on the cyto¬ 
plasm. Nearly all modern text-books dealing with Heredity 
and Sex treat exclusively of the part played by the chromo¬ 
somes in the mechanism of Heredity, and most observers are 
satisfied to accept the view that ultimately the nucleus is the 
seat of the substances which contribute to bring about the 
phenomena of Heredity. ‘ Die Mitochondrion sind die proto- 
plasmische Vererbnngssubstanz ' is a statement which serves 
to show us that the chromosome theorist is not alone in this 
field. In the germ-cell cycle the chromosomes have been 
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shown by Van Beneden, Boveri, Wilson, Morgan, Montgomery, 
McClung, Doncaster, and many others, to go through certain 
definite changes, which have been found to correspond with 
many of the peculiar phenomena of sex and heredity in breeding 
experiments. The main facts ascertained with regard to the 
chromosomes are briefly as follows: 

1. They are constant in number in any one species. 

2. In ordinary cell-division each chromosome is halved so 

that each moiety is a complete replica of its fellow. 

3. In the formation of the germ-cells there is a process 

whereby the ripe gamete comes to have the halved or 
haploid number of the chromosomes. 

4. The male and female pronuclei in fertilization are 

practically equivalent , and possess the same number of 
chromosomes (overlooking the x and y chromosomes). 

5. In the formation of the ripe spermatozoon no visible part 

of the chromatinic substance is rejected. 

In the cytoplasm of the animal cell it has been shown that 
two important categories of formed protoplasmic elements 
exist : namely, mitochondria and Golgi elements. The purpose 
of this section is to compare and contrast the behaviour of 
these protoplasmic bodies with the chromosomes of the nucleus. 
Under the first heading—‘That the chromosomes are constant 
in number in any one species’—we may compare and contrast 
the Golgi body and mitochondria. While it is not generally 
possible to gain absolutely explicit evidence by examining 
the mitochondria in most animals, it is nevertheless true 
that in some forms the mitochondria are so few and so large that 
definite counts may be made 1 . As examples I give the follow¬ 
ing : (a) In Paludina the typic spermatid may contain from 
four to seven spheres. Dour is the commonest number. These 
spheres are subequal in size in those spermatids which contain 
four spheres and in those which contain seven, (b) Wilson (30) 
has shown the same variation to apply in Centrums, and Betzius 
(25) also in a variety of Molluscs, (c) It was shown (9) that 
in Helix aspersa tin* mitochondria in one spermatocyte 
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or spermatid were often remarkably different in size and 
number from those in another example. It is thus clear that 
the mitochondria are not usually of markedly definite number 
or size in the germ-cells or somatic cells of any given species. 
With reference to the Golgi apparatus the same applies. In 
Helix aspersa (9) and in other Molluscs it was shown that 
the dictyosomes or Golgi batonnets could vary in number 
considerably. 

Moreover, examination of preparations of this apparatus 
in any somatic cells, as well as germ-cells, gives the impression 
that the Golgi elements are variable to an extreme. 

The statement—‘ In ordinary cell-division each chromosome 
is halved ’—may now he used as a basis for comparison and 
contrast with what occurs in the mitochondria and Golgi 
apparatus. In many cases it is difficult to get quite complete 
evidence as to whether a mitochondrium does divide during 
cell-division, but the general impression one gathers after 
examining cells in division is that the mitochondria are sorted 
out whole and haphazardly. In special cases, e. g. Centrums 
(30) and Paludina, it is possible that the elongate mitochondria 
are halved transversely but not longitudinally. In by far the 
majority of animals it seems tolerably clear that the* process 
of chondriokinesis or distribution of the mitochondria (or 
chondriosomes) between the daughter-cells is haphazard, 
and not in any way comparable to the process of karvokinesis. 
This result has been arrived at by a number of independent 
workers, and may be taken as established. 

The Golgi body in the dividing cell consists of rods or granules 
(dictyosomes) ; in most cases these dictyosomes keep around 
the zone of the amphiaster, often stuck on tlx* asters them¬ 
selves, and, as with the mitochondria, the observer is impressed 
with the fact that the whole train of events in dictyokinesis. 
or the distribution of the dictyosomes between the daughter- 
cells, is extremely haphazard and much less precise than 
with the process of karvokinesis. That this is so can easily be 
shown to bo the case* in the molluscan germ-cell: in tlx* sper¬ 
matid of Li max maxi inns the Golgi apparatus generally 
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consists of two dictyosomes (‘Xebenkem’ batonnets); but 
in other cases there may be three, and one never finds a 
spermatid with a single batonnet. It is therefore certain 
that during dictyokinesis the Golgi elements are not always 
sorted out equally. That the Golgi rod is divided or halved 
like the chromosome is unlikely from this evidence, described 
in detail elsewhere (9 a): in Li max agrestis the spermato¬ 
cyte has a Golgi apparatus formed of some eight dictyosomes 
or batonnets. This cell divides twice to give rise to four 
spermatids, but each of the latter onl}’ contains two of the 
Golgi batonnets: this shows that in dictyokinesis the batonnet 
is not divided like the chromosome. 1 

With regard to the fact of the maturation of the germ-cells 
and the reduction of the chromosome number, nothing com¬ 
parable can be found in either mitochondria or Golgi elements 
of germ-cells. In the egg the polar bodies rarely contain mito¬ 
chondrial granules or Golgi elements, and never in such 
quantity as to suggest a special reduction in number. In the 
case of the male germ-cells the same applies: the first and 
second maturation divisions (chondriokinesis) in the male 
are of the same type, and while the}’ bring about a halving, 
and then a rough quartering of the original number of mito¬ 
chondria in the spermatocyte, this process is not of the same 
nature as the reduction of the chromosomes. The same remark 
applies to the Golgi elements in dictyokinesis of the male 
germ-cells during maturation. 1 

In the last stages of garnetogenesis in the male no chromosomes 
are lost: the case of the mitochondria and Golgi apparatus is 
instructive, for in many Mollusca it has been shown that 
possibly all the Golgi elements, and much of the mitochondrial 
matter, are lost during spermateleosis, being sloughed off the 
tail of the sperm (9, 9 a). Such seems to occur with the mito¬ 
chondria in Mammalia; Regaud shows that the bead of 
sloughed off protoplasm of the sperm of rats may contain 
mitochondria (24), though the main bulk of the granules 
forms part of the sperm. In other words, the chromatin of the 
1 Sr*o also Lwlford and (intenhy, * Prnc. Rov. Sno.\ vol. 02, 1021. 
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sperm is the only part which is meticulously guarded during 
spermatogenesis of all animals. 

That the male and female pronuclei contain the same number 
of chromosomes (leaving out the special x or y chromosomes) 
is a notorious fact. The sperm never contains as many mito¬ 
chondrial granules as the egg, and in only one case (A s c a r i s 
megalocephala (32)) has it been shown that at the time 
of fusion of the o* and ? pronuclei, the number of mito¬ 
chondria of the gamete are about the same as those of the 
$ . The above comparisons show conclusively that of all the 
cell elements the chromosome is the only one whose behaviour 
is precise and coincident with the expected conduct of bodies 
directly engaged in the processes of heredity, the results of 
which, as breeding experiments show, are often of previously 
calculable exactitude. 

As direct bearers of any important or precise factors of 
heredity, the Golgi body and mitochondria appear to be ruled 
out by their inexact and variable behaviour in the germ-cell 
cycle. The chromosomes, and the chromosomes alone, fulfil 
the necessary conditions. 

11. Summary. 

Spermatogenesis. 

1. The spermatogonium is of the usual type, containing both 
mitochondria and Golgi apparatus (PI. 1, tig. 7), 

2. The spermatocyte contains the same inclusions as the 
spermatogonium, but in addition there is to be found, in 
a large number of cases, a group of granules generally lying 
near the Golgi elements and giving the microchemical reactions 
of true yolk, i. e. turning greenish yellow in chrome-osmium 
fixatives, not staining in haematoxylin or acid fuehsin, and 
generally dissolved out by strong lipoid solvents (PI. 1, tig. 1, y). 

3. Nurse-cells often accompany groups of spermatogonia. 
The nurse-cells contain large quantities of yellowish yolk, 
as well as fuchsinophil bodies, possibly mitochondrial in 
nature (PI. 1, fig. 1, yc). 
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4. In the spermatocyte there is another group of granules 
to be found, especially in Kopsch (0s0 4 ) preparations. These 
are individually much larger than the four members of the 
group of yolk-granules, and are about ten to sixteen in number; 
they go brownish in 0s0 4 . These larger granules have been 
traced into the spermatid, where about three or four are present, 
and appear to form the sides of the mitochondrial part of the 
sperm-tail (PI. 1, hg. 2, x, and PI. 2. tigs. 11 and 12, x). 

5. During the spermatocyte division prophases, the group 
of yolk-granules is found to take up a position near the equator 
of the spindle (PI. 1, tig. 4, v), and subsequently becomes 
divided into two smaller groups in later stages of the division 
(PI. 1, hg. 5). This process occurs in both maturation divisions, 
so that each spermatid contains about one-quarter of the 
yolk-granules of the spermatid. The mitochondria, as is 
generally the case during cell-division, become altered in such 
a way that they form a tangled mass of thread-like bodies, 
which are subequally sorted out into two portions, one in 
each daughter-cell (PI. 1, figs. 4 and 5). The larger group of 
granules which were thought to form part of the tail-sheath 
were not found during mitosis. 

6. The newly-formed spermatid contains the usual inclusions 
plus the group of yolk-granules (v in PI. 2, tig. 8). At this 
stage the sperm-sheath granules are occasionally found, and 
occur much more often in later stages (PI. 2, hg. 9, x). 

7. The spermateleosis stages, or metamorphosis of spermatid 
into spermatozoon, are remarkable for the manner of formation 
of the tail-sheath. The mitochondria become grouped behind 
the nucleus and around the outgrowing axial filament, while the 
Golgi elements and yolk-granules take up a position behind 
the mitochondria (PI. 2, hg. 9). Tail-sheath granules are 
usually found in the vicinity (x in PI. 2, hg. 9). 

S. The mitochondria, hitherto single and all approximately 
equal in size, now begin to run together, like rain-drops, forming 
groups of larger and smaller granules (PI. 2, hg. 10, mm and m). 
This process goes on till only three large subequal spheres are 
left (hgs. 11,12, and 14), and then these spheres begin to elongate 
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to form the mitochondrial tail-sheath (PI. 2, fig. 13 and 1G). 
The tail-sheath granules are seen at x in PL 2, figs. 11, 12, 
and 14. 

9. During these stages the Golgi elements tend to become 
thrown downwards along the length of the sperm (PI. 2, fig. 1G), 
and this also occurs with the yolk-granules. In a bunch of 
ripe sperms within the body of the male Saccocirrus small 
granules are always found on the lower region of the sperm- 
tails, and there seems to be good evidence that such elements 
are derived from the Golgi apparatus (PL 2, figs. 17 and 18). 
If the receptaculum seminis of the female is examined, such 
granules are also found on the tails of the sperms (PL 2, fig. IS, 

GAX). 

Fertilization. 

10. Saccocirrus is an example of precocious entry of the 
spermatozoon into the unripe oocyte (PL 3, fig. 22). The 
nuclear head of the sperm alone enters the egg completely 
at first, while, the tail remains plastered on the surface of the 
young oocyte (PL 3, fig. 22, head at sp, fragments of tail 
at spt). It is very difficult therefore to say whether these 
sperm-tail fragments are or are not inside the oocyte cytoplasm 
at this period. Later on, however, it is quite easily observed 
that the elements of the sperm-tail do enter the egg, break up 
further, and form large numbers of spherical granules (con¬ 
secutive stages given in PL 3, figs. 21, spt, 22, spt, 24, and 25). 

11. In many cases one cannot help believing that these 
beads, derived from the remains of the sperm-tail, grow in 
number and in size (cf. PL 3, figs. 23 and 25). 

12. These beads always remain in the periphery of the egg, 
but do not seem to take any noticeable part either in the forma¬ 
tion of yolk or in any process of fertilization. Careful examina¬ 
tion of the periphery of many oocytes reveals the fact that tie* 
granules are of two types, one going yellowish in 0s0 4 . the other 
going black, as shown in PL 3, fig. 21. It was thought that 
the black granules might have something to do with the 
black granules noted on PL 2, fig. 18, gax, which were con¬ 
sidered to be derived from the Golgi apparatus. 
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13. The peripheral granules of both types later disappear 
or become hidden by the formation of clouds of nucleolar 
deutoplasm. 

Oogenesis. 

14. By staining, fixing, and by centrifuge experiments it 
can be shown that the full-grown oocyte of Saccocirrus con¬ 
tains four distinct kinds of formed 4 yolk ’-granules, i.e. Golgi 
elements, mitochondria, true yolk, nucleolar extrusions or 
nucleolar deutoplasm. (See their fixing and staining reactions 
in a table on p. 18.) 

15. The most numerous and chemically most resistant granules 
are neither mitochondria nor Golgi elements, but are derived from 
nucleolar extrusions. At a very early stage the oocyte nucleolus 
buds off pieces which pass through the nuclear membrane, 
but at first remain stuck on its outer surface (stages in PI. 3, 
figs. 23, 24, and 25, xl). At one stage these nucleolar deriva¬ 
tives form an extraordinary picture, being stuck all over the 
nucleus in the form of pyramidal bodies, whose base adheres 
to the nuclear membrane (PI. 3, fig. 23). The nucleolar deriva¬ 
tives stain intensely in haematoxylin or fuchsin (fig. 23), but 
only go yellowish in osmic acid (fig. 21). 

10. Later on these pyramidal granules lose their connexions 
with the nuclear membrane, but, remaining quite near, become 
the centres of numbers of large vacuoles which appear (PI. 4, 
fig. 29). Inside these vacuoles the nucleolar granules partially 
break up, and subsequently, after the absorption of the 
vacuoles, the granules move out further horn the nuclear 
membrane and form clouds of granules in the egg cytoplasm 
(PI. 4, figs. 30 and 34). The marked vacuolar stage in the 
history of the egg seems to occur with suddenness, and is not 
discoverable at this period in all eggs of this size (PI. 4, fig. 29). 
It is just about this stage that great activity is noticeable 
around the periphery of the nucleus, as shown in PI. 4, fig. 35, 
by fonnol-silver nitrate technique. The nucleolar deutoplasm 
forms dense clouds of heavy granules throughout the entire 
egg cytoplasm. 

17. If the ovary of Saecoeirrus be prepared by a silver 
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nitrate or osmic acid Golgi-bodv method, an appearance such 
as shown in PI. 3, fig. 19, is seen. Large numbers of crescent- 
shaped bodies, such as were noted in the spermatocyte (PI. 1, 
figs. G and 7), occur throughout the cytoplasm. In younger 
oocytes the bodies of the Golgi apparatus are densely packed 
and placed to one side of the cell (PI. 3, fig. *20, ga). Such 
Golgi elements eventually divide rapidly, and spread out. 
as fine crescents or slightly elongated rods, through the cyto¬ 
plasm of the full-grown oocyte (PL 4, fig. 32, ga). 

18. If the ovary be treated by a chrome-osmium method, 
and stained in iron alum haematoxylin or acid fuchsm. fine 
mitochondria become visible (PL 3. figs. 23, 24, 25, m). Such 
mitochondria are difficult and sometimes impossible to see in 
the youngest oocytes and the oogonia. 

19. In chrome-osmium preparations there are also to be 
seen fine true yolk-spheres, characterized by the fact that they 
go yellow-green in the fixative and do not stain in haematoxylin 
or fuchsin. 

20. By centrifuging the oocyte, three layers appear, viz. an 
upper layer formed of true yolk (greenish), a middle clear 
protoplasm layer, and a lower layer mainly formed of nucleolar 
deutoplasm, with a mixture of mitochondria. 

21. In many oocytes an enigmatic body, much like a secondary 
nucleus, was noted (PL 3, fig. 23, xx, and PL 4, fig. 30, xx). 

22. The oogonial cytoplasm is oxyphil, and during oogenesis 
becomes basophil, and then again oxyphil in the full-grown 
oocyte (p. 16). 

Intermediate Cells. 

23. In PL 1, fig. 3, is a cell found in a male Saeencirru>, 
and it shows characters intermediate between an egg and 
a spermatocyte (p. 20). 


Discussion. 

24. The above facts are discussed on p. 21, and also the 
probable part played by mitochondria and Golgi bodies in 
heredity (p. 33). 
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13. EXPLANATION OF PLATES 1-4. 

Illustrating Professor J. Bronte Gatenby’s Paper 

ON THE GaMETOGENESIS OF SACCOCIRRUS. 

Explanation of Lettering. 

■ as, acrosome. ar, arelioplasm or centrosplicrc. cn, chromosomes. 
cho, vitelline membrane, cl, cortical lamellae of egg. nv, Golgi apparatus 
( 4 Xebenkern ’), Golgi body or clement, gax, body supposed to be a part 
of the Golgi apparatus, gx, body believed to be forming the acrosome. 
M, mitochondria. MM, maeromitosome or forming middle-piece (mito- 
chondria) of sperm-tail. N, nucleus, nl, nucleolus, or fragments of 
latter forming nucleolar deutoplasm, nlx, nucleolar bodies homologous 
with the true nucleolar deutoplasm of egg. nlv, vacuoles around the 
nucleolar extrusions. SB, spindle-bridge, spt, sperm-tail, srz, sperma¬ 
tozoa. sp, sperm inside young ooeyte. v, vacuoles in ground protoplasm 
of oocyte. X, bodies believed to form a part of the skeleton of the sperm- 
tail, on each side of the macromitosomal (mitochondrial) spheres, xx. 
nuclear-like bodies sometimes found in oocytes, possibly secondary 
nuclei, xy, bodies near asters, possibly part of the Golgi apparatus. 
y, yolk-spheres, yc, yolk-cell or nurse-cell. 

Scale of Figures.—On PI. 1, all figures, except number 0, are drawn 
to the scale indicated in the middle of the plate. The scale for fig. 6 
is near the drawing. 

On PI. 2, all figures, excepting 17 and 18, are drawn to the scale in the 
middle of the plate, the scale for figs. 17 and 18 being near by. 

All figures on PI. 3 are drawn to the scale on the right-hand side. On PI. 4. 
all figures, excepting number 34, are drawn to the scale given below tig. 29. 

Techniques Used.— m.k., Mann-Kopseh osmium tetroxide method. 
cir.K., Champy-Kull chrome-osmium acid fuehsin toluidin blue and anrantia 
method. n.F., Da Fano’s cobalt nitrate formol-silvcr nitrate method. 

Plate I. 

Fig. 1.—Full-grown spermatocyte and part of nurse- or yolk-cell on 
left. In the spermatocyte the Golgi apparatus (o.\), the mitochondria (Mi¬ 
ami the group of volk-spheres (v) are to be* seen. The nurse-cell contain* 
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large yolk-spheres (y) and smaller fuehsinophile bodies, possibly mito¬ 
chondrial in nature (m). ch.k. 

Fig. 2.—Younger spermatocyte from a Mann-Kopsch preparation, show¬ 
ing at x a number (about two) of largish spheres, believed to be identical 
with the same bodies marked x in figs. 9. 10. and 11. and which seem to 
take some part in the formation of the tail skeleton of the sperm. At y 
are the yolk-granules, and at ga the Golgi apparatus ; compare this with 
fig. 1, in which the apparatus is formed of delicate slightly-curved rods. 
In fig. 2 the rods are heavily impregnated with 0s0 4 , and possibly owing 
to a shrinkage of the centrosphere. they have become much more curved. 
The mitochondria do not show. m.k. 

Fig. 3.—Cell of the spermatocyte series but showing a modification ; 
the mitochondria are small, like those of the egg (fig. 24). and peri-nuclear 
bodies are present at xlx (compare with egg in fig. 23). At Y is a group 
of yolk-spheres, ch.k. 

Fig. 4.—Metaphase of second spermatocyte division. Note alteration 
in shape of mitochondria (m). which from their previous granular structure 
(fig. 1) have beeome filiform. At y tlie group of yolk-spheres has become 
grouped near the spindle preparatory to being sorted out into two groups 
as in the next figure. At xy are bodies supposed to be Golgi elements 
stuck on the poles of the asters. 

Fig. ”>.—Telophase of second spermatocyte division, the equatorial plate, 
is forming, and the mitochondria, still filamentous, are grouped near in 
a special manner, being most numerous near the forming cell-wall. At 
Y are the yolk-spheres, now sorted out into two groups, ch.k. 

Fig. fi.—Spermatocyte, for comparison with the oocytes in fig. 20. m.k. 
Seale above. 

Fig. 7.—Spermatogonium drawn to same scale as spermatocyte in fig. 1. 
Show's Golgi apparatus consisting of from eight to ten dietyosomes or 
rods, a spindle-bridge at sn, and the mitochondria at m. grouped near 
the centrosphere. m.k.. counter-stained in Altmann. 

Plate 2. 

Fig. 8.—Newly-formed spermatid, showing the Golgi apparatus some¬ 
what scattered on the right and the mitochondria surrounding the nucleus. 
The yolk-granules form a compact group at Y. The centrosome would be 
on the right side of the nucleus, ch.k. 

Fig. 9.— Later spermatid after the outgrowth of the axial filament. 
The spheres at x are probably of the same nature as those drawn in PI. 1, 
fig. 2. The mitochondria have now’ become grouped behind the nucleus 
at m, w'hilc the Golgi elements (ca) and yolk-spheres (y) have drifted to 
the bottom of the elongating cell. The cytoplasm, as in many Kopseh 
(OsOJ preparations, is coarsely fibrillar. At ox is a body believed to be 
forming the aemsome. m.k.. counter-stained in Altmann, 
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Fig. 10.—Later stage. The mitochondria have begun to run together 
to form a number of larger spheres (mm). At x is one of the large grannies 
seen in fig. 9 and in PI. 1, fig. 2. while at GX is the same body mentioned 
in the description of fig. 9. The yolk-granules (y) form a fine group to 
one side of the cell. The nucleus in this cell is still spherical, in this being less 
advanced than that of fig. 9, which is depressed, ch.k. 

Fig. 11. —Later spermatid, nucleus now depressed on one side, or cap¬ 
shaped. The macromitosomal spheres (mm), ' Xebenkem ’ of some authors, 
are larger, not all the same size, and there is still a collection of unused 
mitochondria at M. The aerosome is seen as a thickened edge of the 
nucleus at as. Other parts as before, except that notice should be taken 
of the fact that the Golgi elements (ga) have become drawn up below the 
macromitosomal spheres, ch.k. 

Fig. 12.—Later stage, all mitochondria have run into the macro¬ 
mitosomal spheres (mm), only two of which are shown. Golgi apparatus 
still drawn up below the mitochondrial spheres. The cytoplasm is stringy 
as is often found in osmic-aeid preparations. Nucleus further depressed 
and shrinking in size. m.k.. counter-stained in Altmann. 

Fig. 13. —Forming spermatozoon, showing elongated macromitosome 
(mm) and other cell inclusions, cii.k. 

Fig. 14.—Macromitosome or mitochondrial spheres, at the stage of 
fig. 12, but viewed from below. Note skeletal granules at X. and unequal 
size of spheres, ch.k. 

Fig. 15.—Part of tails of fully-formed sperms, at a higher magnification 
than in fig. 17. to show the bodies marked cax. which are thought to be 
Golgi elements, m.k. 

Fig. 10.—Forming spermatozoon, at a stage later than that drawn in 
fig. 13. 

Fig. 17.—Bundle of ripe sperms from coelom of male ; refer to fig. 15. 
M.K. 

Fig. 18.—Keeeptaculum seminis of female, to show the presence of the 
special granules (gax) on the tails of tlie spermatozoa, srz. M.K. 

Plate 3. 

Oogenesis of Saeeoeirrns. 

Figs. 19 and 20.—Four oocytes prepared bv the Mann-Kopseh-Altmann 
method to show Golgi apparatus. The peculiar peripheral granules 
derived from the sperm-tail (spt) are shown well. At sp is the head of 
the spermatozoon, and at xl a peri-nuclear thickening marking partly tln- 
nucleolar extrusion, and also as well the peri-nuclear activity, which seems 
to be something apart from nucleolar extrusion (note also PI. 4. fig. 35). 

Fig. 21.—A later stage showing Golgi apparatus and advanced nucleolar 
extrusion, xl. The peripheral granules in such Kopsch preparations 
appear to be of two sorts—those staining quite black, and tho«e yellow idi. 
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Fig. 22 (on the left-hand bottom side of the plate).—Shows two young 
oocytes, just after entry of spermatozoon (sp). The mitochondria are at M, 
nucleolar extrusion is just beginning, while the remains of the sperm-tail 
(spt) are seen lying, some inside, some outside the oocytes, ch.k. 

Fig. 23.—Older oocyte, showing remarkable appearance of nucleolar 
extrusion (nl), the mitochondria (m), and the sperm-tail remains, which 
appear to have grown to form numerous spheres around the periphery 
of the oocyte, at spt. Other vacuoles (v) are to be seen, which may be 
the negative image of the non-impregnated Golgi apparatus. At xn is 
a body thought to be a secondary nucleus of some kind. ch.k. and iron 
liaematoxylin. 

Figs. 24 and 25.—Stages earlier than previous figure. At ar is a centro- 
sphere or arehoplasm ; in fig. 25 the sperm-tail remains are just passing 
into the cytoplasm, while in the other figure they have begun to break 
up into spheres, cu.k. 

Fig. 20.— Part of egg cytoplasm, in half-grown egg, showing three 
categories of grannies, true yolk at Y, nucleolar deutoplasm at nl. and the 
fine mitochondria at M. ch.k. and iron liaematoxylin. 

Plate 4. 

Fig. 27.—Nearly full-grown egg, showing structure of periphery. At 
ciio is an outer egg-membrane (vitelline membrane of some authors), 
and at c l are peculiar columns, the cortical lamellae of Lillie. The small 
granules are mitochondria (stained violet); the large, nucleolar deutoplasm 
(stained yellow f ). ch.k. fixation followed by Benda’s stain. 

Figs. 2S and 20. Tw r o oocytes from a Yann-Kopseh preparation, to show” 
the remarkable change which comes over the oocyte at the period of 
nucleolar extrusion (fig. 29). 

Fig. 30.—Young oocyte, after period of main nucleolar extrusion, 
showing the yolk-granules black and the nucleolar deutoplasm yellowish. 
At xn is another case of ‘ secondary nuclei ’ ; compare also fig. 23. Taken 
from a Sac cocirrus pa pi] loco re us (Naples) which had been im¬ 
mersed for six weeks in formol-Flemming. 

Figs. 31 and 32.-= Mann-Kopsch prepnration of nearly ripe egg. Fig. 31 
shows appearance of cytoplasm before soaking sections in turpentine, 
and fig. 32, after treatment for about three hours in turpentine. In fig. 32 
the Golgi elements alone resist decolorization. 

Fig. 33. Mann-Kopseh preparation, decolorized in turpentine, to show' 
spreading out of the Golgi apparatus. Ou the left of the figure is another 
example of the breaking up of the apparatus ; compare also fig. 28. 

Fig. 34.—Nearly ripe egg fixed by Champy-Kull and stained in Benda. 
Mitochondria w’crc violet, nucleolar deutoplasm yellow’-brow’ll. 

Fig. 35.—Pa Fnno preparation to show* peri-nuclear activity. Cobalt 
nitrate-formalin followed by silver-nitrate reduction. 


